23 1. Stream ecosystems are spatially heterogeneous environments due to the habitat diversity 24 that define different microhabitat patches within a single area. Despite the influence of 25 habitat heterogeneity on the biodiversity of insect community, little is known about how 26 habitat heterogeneity governs species coexistence and community assembly. Here, we 27 address the question if habitat heterogeneity may drive changes in community composition
INTRODUCTION

58
Understanding species diversity patterns and the process that governs their coexistence in a 59 community is a fundamental question in ecology and biodiversity studies. The development of 60 an effective and suitable conservation strategy for biodiversity maintenance is unraveling the 61 process of community assembly variation (Socolar, Gilroy, Kunin, & Edwards, 2016 ) along a 165 S1). The habitat diversity per site was measured by using the Simpson index.
166
We collected qualitative samples of stoneflies nymph using D-frame nets (250 µm 167 mesh), on five replicate and spending at least two person-hours per habitat type in a site. All 168 stoneflies samples were preserved in 99.5% ethanol in the field, and the ethanol was replaced 169 twice with fresh 99.5% ethanol upon returning to the laboratory. Morpho-species identification 170 was conducted under a stereoscopic microscope (80 X) following Consiglio (1980) and Fochetti Three hundred seventy-five individuals were collected and used for genetic analysis.
178
Genomic DNA was extracted using DNeasy tissue kits (Qiagen GmbH, Hilden, Germany), 179 following the manufacturer's instruction. A 658-bp fragment of mitochondrial cox1 was amplified 180 using LCO-1490 and HCO-2198 primers (Folmer, Black, Hoeh, Lutz, & Vrijenhoek, 1994 with 181 48 °C annealing temperature and 30 PCR cycles. Internal transcribed spacer (ITS) maker of 182 nuclear DNA was also analyzed for a subset sample of 116 individuals that represent all 183 morphological taxonomic groups in this study. A 930-bp fragment of ITS marker was amplified 184 using universal primers of 28S and 18S (McLain, Wesson, Oliver, & Collins, 1995) with 58 °C 185 of annealing temperature and 40 PCR cycles. PCR products were purified using the QIAquick 186 PCR Purification Kit (Qiagen GmbH, Hilden, Germany) and sequenced in both directions using 187 the same primers as above. Cox1 sequences were analyzed by ABI 3500xL automated 188 sequencer (Applied Biosystems), and ITS sequences were analyzed by Eurofins -Operon,
189
Tokyo. All sequence data reported here have been deposited to GenBank.
190
Forward and reverse sequences were assembled and edited using CodonCode Aligner 191 v 3.5 (Codon Code Corporation, Dedham, USA). All sequences were aligned using ClustalW (align.genome.jp; Larkin et al., 2007) . ITS data were first aligned to remove un-align-able 
192
223
In order to quantify the habitat contribution to overall DNA-species diversity, we 224 compared the relative contribution of the four corridor sections and seven habitats using the 225 additive partition of species diversity analysis (Lande, 1996) . This analysis allows alpha and 226 beta values to be simultaneously calculated in order to assess which (corridor or habitats) 227 contribute to overall diversity (Gering, Crist, & Veech, 2003) . This method analyzes an 228 abundance matrix hierarchically organized as: among habitats (alpha diversity, α) and among 229 corridor sections (beta diversity, β). Species richness and Shannon diversity index were 230 partitioned into components to observe if the value of overall species richness/diversity was ≥ 231 than the average richness/diversity within a community (Lande, 1996) . We compared statistical 232 significance for each component by a randomization procedure. This procedure tested a null 233 hypothesis that the observed alpha and beta diversity components not differ from those by a 234 random distribution (expected). Therefore, a total of 10,000 randomizations were generated 235 and were used to calculate the null distribution of alpha and beta. The significance was 236 calculated as the proportion of null values that were greater or lesser than the actual estimates.
237
The test was performed using the adipart function of the vegan package in R v. 3.3 (R Core 238 Team, Oksanen et al., 2012) . Additionally, in order to identify if differences in community 239 assemblies where associated either with species turnover (i.e., replacement of species by other 240 species in different habitats) or species nestedness (i.e., species loss or gain between habitats) 241 among the habitats, we partitioned the beta diversity into these components (turnover and 242 nestedness) using a Sorenson dissimilarity matrix performed by betadisper function of the 243 vegan package in R v. 3.3 (R Core Team, Oksanen et al., 2012) . We used a null model with 244 10,000 randomizations to test if the results of the components were greater than expected by 245 chance. The positive values indicated higher than expected contribution.
246
We employed a distance-based redundancy analysis (db-RDA; Legendre & Anderson, 247 1999) to quantify the influence of habitats on spatial community assemblies along sampling 248 sites. We first conducted Principal Coordinates Analysis (PCoA) using community dissimilarity 249 matrix calculated as Bray-Curtis index. The resulting eigenvalues of PCoA were used for the 250 following db-RDA. Statistical significance of db-RDA models was tested using ANOVA. In We employed multivariate dispersion as a measure of beta diversity based on a 256 community dissimilarity matrix using DNA-species to further investigate the influence of a 257 particular habitat on the beta diversity. We calculated beta diversity as the distance to group 258 centroid (homogeneity of a community in a given habitat) based on a Bray-Curtis dissimilarity 
279
supermatrix was used to observe the community phylogenetic signal of stoneflies among 280 habitats using three types of analysis. First, we quantified the multiple-site phylogenetic 281 similarities (i.e., similarity measures comparing more than two sites (here, as habitats)). We 3.3 (R Core Team, Kembel et al., 2010) . We ran 10,000 iterations to obtain the null distribution.
If the p-values of observed vs. random variance of PICs were lower than 0.05, we interpreted 297 them as evidence of phylogenetic clustering for a given habitat. Third, we calculated the Net 
317
Twenty-one morpho-species were collected from the 20 sampling sites. From each 318 sampling site, 5 -40 individuals/sampling site (mean 19) and 1 -8 morpho-species/sampling 319 sites (mean 4) were collected (Table 1) . The 21 morpho-species were composed of 12 genera 320 from two superfamilies of Nemouridae (Euholognatha) and Perloidea (Systellognatha) ( Table   321   S1 ).
322
We found 184 and 87 haplotypes among the 375 cox1 (658-bp length) and 116 ITS 323 (790-bp length) sequences, respectively. The highest haplotypes richness per sampling sites 324 was found in T12 and the lowest number at T14 and T15. Stonefly community was dominated 325 by Leuctra major (50 % of the total haplotypes, Table S1 ). Intraspecific nucleotide diversity for 326 mitochondrial marker ranged 0 -13 % among putative DNA-species, being the highest value 327 for L. major (Table S1 ).
328
The log-likelihood of the GMYC model for cox1 at the optimal threshold (2514.495) was 329 significantly better than the null model of a single coalescent (logL = 2400.932) in the likelihood 330 ratio test (p < 0.001). Most clades have GMYC-support values higher than 0.9, implying that 331 the probability of the clades being delimited as separate GMYC-species among the alternative 332 models of delimitation (within a 95% confidence set) is higher than 0.9. The single-threshold 333 model delimited 52 putative species (Table S1) Table S2 ).
352
The relative contribution of the habitats and corridors to DNA-species diversity was 353 observed (Fig. 2) . The additive partition showed that the major contributor to DNA-species 354 richness was corridor sections (57%, p < 0.001). While DNA-species diversity (Shannon index) 355 analysis showed that habitats were the major contributors (88%, p < 0.001). DNA-species 356 among habitats resulted in significantly high species turnover (0.60) than species nestedness 357 (0.16) to overall beta diversity (0.79) (p = 0.0016).
358
The effect of habitat on DNA-species spatial variation among 20 sampling sites was 359 observed using db-RDA. We found that DNA-species spatial variation was affected by three 360 habitats (p<0.05, Fig. 3 ). Riffle correlated with DNA-species diversity of headwater and bar-361 brained floodplain section, while glide with bar-brained floodplain section and pool with the 362 downstream section. Riffle and glide resulted with the highest diversity dissimilarity among the 363 seven habitats (Linear model F = 1.43, p = 0, Fig. 4 ). This means that the community in these 364 two habitats were less similar among each other that the community in the rest of the habitats. The ML tree of mtDNA (cox1) showed two clades (Fig. S2) 
372
Perlidae, and Perlodidae. mtDNA agreed on 21 morpho-species delimitations; however, 11 373 species were composed of multiple terminal branches. Nuclear ITS phylogenetic tree showed 374 congruence on tree topology with cox1 tree. Except for haplotypes of Nemoura cinerea and ITS tree ( Figure S1 ).
377
The stonefly community phylogenetic signal among habitats was observed. The 378 multiple-site phylogenetic similarities showed that species turnover resulted significantly higher 379 (0.927) than species nestedness (0.055) to overall beta diversity (0.98) (p < 0.005) in 380 agreement to the values of species turnover for DNA-species composition among habitats (see 381 above section). The pool habitat showed a significant phylogenetic clustering for all four tests 382 (Blomberg's K test, PIC, NRI, and NTI, p- 
389
The community assemblies within the stream are strongly related to the local environmental 390 heterogeneity, as habitats availability (e.g., Astorga et al., 2014) . We observed that different 391 habitat types influenced Alpine stoneflies DNA-species diversity, their spatial structure, and 392 their evolution.
393
The seven habitats were the major contributor to DNA-species diversity (diversity 394 partition analysis, Shannon index). Habitat heterogeneity has been identified as a key driver of 395 beta diversity of aquatic invertebrates (Astorga et al., 2014; Finn & LeRoy Poff, 2011; Finn, 396 Theobald, Black, & Poff, 2006; Finn et al., 2011; Marten et al., 2006; Ribera & Vogler, 2008) , 397 and apart from the increase in niche availability, heterogeneous landscape may influence beta 398 diversity through dispersal limitation (Finn & LeRoy Poff, 2011; Astorga et al., 2014) . Stoneflies 399 exhibit limited airborne dispersal with stream corridors (Consiglio, 1980; Fochetti & Tierno de 400 Figueroa, 2008) , and they tend to avoid migration among habitats even in response to a 401 predator (Tiziano, Fenoglio, Lopez-Rodriguez, Tierno de Figueroa, Grenna, & Cucco, 2010) .
402
Supporting evidence of dispersal limitation is species turnover. A high species turnover has 403 been associated with poor dispersal abilities (Thompson & Townsend, 2006) . We found a high 404 replacement of the species by other species among habitats (species turnover = 0.60),
405
suggesting that a non-random migration is likely to occur among habitats caused by 406 environmental filtering or spatial restriction, which likely promote high diversity, as previously 407 observed in the freshwater fish, Fecunduls heteroclitus (Wagner, Baris, Dayan, Du, Oleksiak,
408
& Crawford, 2017). However, a high species turnover could also be associated with sampling 409 bias. Non-common species among habitats could be a consequence of a non-equal sampling 410 effort or habitat availability. Here, habitat availability was found to be similar throughout the 411 sampling sites (average = 0.75 Simpson diversity, range = 0.55-0.84, Table 1) , and despite 412 similar sampling effort implemented per habitat (2 hours), some species were not detected. An 413 increase of sampling effort per habitats should be implemented in future studies in order to 414 estimate sampling bias.
Among seven habitats, three (i.e., riffle, glide, and pool), were the major contributor of 416 stonefly community structure (db-RDA analysis) and two habitats (riffle and glide) providers of 417 high diversity (multivariate dispersion analysis) among sampling sites. Riffle (high-turbulent 418 flow) and glide (low-turbulent flow) play an essential role for habitat suitability for many species 419 of aquatic insects (Benda et al., 2004; Lancaster & Downes, 2013) , especially stoneflies 420 (Batista et al., 2001; Lancaster & Downes, 2013) . The density-dependent local competition and 421 high organisms drifting make then dynamic habitats harboring high biodiversity (Arscott et al., 422 2005; Batista et al., 2001; Hughes et al., 2009 ). On the contrary, pool (deep-high river section 423 with slow/inexistence flow) reported a week relation with aquatic insect community diversity 424 (Herrera-Vasquez, 2008) , mainly because of the habitat-specialized taxa usually found 425 (Pastuchova, Lehotsky, & Greeskova, 2008) .
426 Surprisingly, we found that the pool habitat influenced on the phylogenetic clustering 427 of stonefly community according to four employed indices (Blomberg's K, PIC, NRI, NTI). Long-428 term adaptation (e.g., Lososova et al., 2015) , dispersal limitations (Saito et al., 2015a (Saito et al., , 2015b , 429 colonization history (Aizen, Gleiser, Sabatino, Gilarranz, Bascompte, & Verdu, 2015) , and low 430 species competition for resources (Webb et al., 2002) has been associated with phylogenetic 431 clustering. However, a common factor detected by previous studies, it was that the phylogenetic 432 clustering was usually detected at refugia associated with long-term stable habitats. Pool has 433 been reported as a habitat with low impact of physical perturbations (Buffington, Lisle, 434 Woodsmith, & Hilton, 2002) , that may persist despite high flow (Calow & Petts, 1996) , discharge 435 (Rolls, Leigh, & Sheldon, 2012) and drought (Lake, 2003) . The pool habitat could influence the 436 evolution of stonefly community by phylogenetic clustering species associated with low-term 437 steady habitat characteristics. However, also it has been observed that a greater competitive Levine, 2010; Sargent & Ackerly, 2008) . Future studies should address this concern by 441 comparison of resources (i.e., food) among habitats, in order to obtain a clear picture of the 442 evolutionary process on co-occurring species.
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For riffle, wando and side channel habitats, a phylogenetic overdispersion pattern was 
